Objective: Some authors, after studying retrospectively immunostained sections of thyroid specimens, found C-cell hyperplasia (CCH) unrelated to medullary thyroid carcinoma to be frequent in thyroid glands affected by chronic lymphocytic thyroiditis (CLT); others failed to observe this association. The purpose of the present study was to further investigate prospectively the existence of the proposed relationship between CLT and CCH by measuring circulating calcitonin (CT) levels. Design: Basal serum CT was measured in 174 euthyroid goitrous women with negative thyroid autoantibodies (TA-Neg) and 124 age-matched goitrous euthyroid women with positive antibodies (TA-Pos). A calcium-infusion test was performed in 27 TA-Neg and 31 TA-Pos age-matched euthyroid goitrous women. Basal CT was also determined in 51 hypothyroid women and 40 control normal healthy women. Methods: Serum CT was measured using a specific and sensitive two-site immunoassay which detects mainly the CT-32 monomer. Thyroid autoantibodies (anti-thyroid peroxidase and anti-thyroglobulin) were measured in serum by quantitative RIAs. Results: Basal serum CT was found to be similar in TA-Neg and TA-Pos euthyroid as well as hypothyroid and normal control groups. A test of independence performed on the frequency distribution of the patients among sequential classes of serum CT showed that basal CT levels are independent of the presence of thyroid autoantibodies or hypothyroidism. Calcium-stimulated CT as well as the increase in CT were similar in TA-Neg and TA-Pos euthyroid goitrous women. There was no correlation between thyrotropin and CT in the hypothyroid group. Conclusion: Positive thyroid antibodies in goitrous patients do not predispose to hypercalcitoninemia. Elevated CT found in a patient with goitre and positive thyroid antibodies should not be ascribed to the underlying thyroiditis; this patient should be investigated for some other cause of the high CT.
Introduction
Serum calcitonin (CT), the hormone secreted by the C cells of the thyroid, is a useful marker for the diagnosis and assessment of the treatment of medullary thyroid carcinoma (MTC). However, CT is not an absolutely specific marker of this tumor, since some other tumors may secrete CT occasionally (1) . Elevated plasma CT is due usually to underlying MTC or its precursor malignant C-cell hyperplasia (CCH). CCH unrelated to MTC has been found by some authors in such conditions as old age, hyperparathyroidism, and in the vicinity of follicullar thyroid tumors (2) (3) (4) (5) (6) (7) . Some authors have reported CCH, defined by morphological immunohistochemical methods, to be present in a significant proportion of thyroid glands affected by chronic lymphocytic thyroiditis (CLT) (8) (9) (10) (11) (12) , while others have not found such an association between CLT and CCH (13) (14) (15) (16) . In a minority of patients with CLT and CCH, elevated serum CT has been reported (9) (10) (11) . Thus, the proposed association between CLT and CCH remains controversial. The determination of serum CT in all patients with thyroid nodules as a screening procedure for the early diagnosis of MTC has been proposed recently (17) (18) (19) . However, the limited specificity of mildly elevated serum CT may create diagnostic problems in many patients if this procedure is employed (20) , and it would be very useful to clarify various conditions unrelated to MTC in which high CT may occur. In this prospective study therefore we measured serum CT in goitrous patients with either negative or positive thyroid antibodies (TA-Neg or TA-Pos) in order to investigate if CLT is a cause of hypercalcitoninemia and CCH. We found similar and normal serum CT levels in TA-Neg and TA-Pos patients.
Materials and methods
All patients in this study had an intact thyroid, i.e. they had not previously been treated by either thyroidectomy or with radioiodine. In order to avoid variation in CT levels due to gender, only female subjects were studied. These were euthyroid women, of whom 90% had diffuse goitre on palpation and 10% had nodular goitres diagnosed by palpation or ultrasound. Single or otherwise suspicious nodules were routinely examined by fine needle biopsy, and patients with malignant nodules were excluded. A total of 174 patients aged 45.6 Ϯ 14.0 (mean Ϯ S.D.) were TA-Neg, and 124 aged 45.8 Ϯ 13.8 were TA-Pos, with antibody concentrations diagnostic of CLT (>500 U/ml). The patients in the two groups were carefully age-matched (Table 1 ). About 46% of the patients in each group were on thyrotropin (TSH)-suppressive doses of thyroxine.
A subgroup of 27 TA-Neg patients aged 42.5 Ϯ 9.3 and 31 TA-Pos patients aged 42.5 Ϯ 10 received a 10 min calcium gluconate infusion (2.7 mg Ca/kg), and CT and total Ca were measured just before the start and at the end of the infusion. The change in CT (DCT) was calculated by subtracting the basal from the Ca-stimulated value for each individual.
A group of 51 hypothyroid women aged 50.7 Ϯ 13.9 were studied separately; 21 (41%) of them were on replacement therapy with thyroxine (with TSH < 3:5mU=l) and the rest had high TSH (24.7 Ϯ 23.6 mU/l; meanϮS.D.). A group of 40 control normal healthy women aged 37.8 Ϯ 8.8 was also studied. The assays were performed on fasting blood specimens obtained between 0830 and 1000 h. Informed consent was obtained from all the women who participated in the study, which was approved by the scientific committee of the hospital.
Serum human CT was determined using a two-site chemiluminescence immunoassay (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). This assay utilizes two monoclonal antibodies against human (h) CT (one of them directed against hCT (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) and the second against hCT(21-32)), synthetic hCT(1-32) as standard, and detects mainly the CT(1-32) monomer excluding fragments and polymers of the CT molecule. The sensitivity of the assay (defined as mean+2S.D. relative light units of the zero standard) was 0.3 pg/ml (0.09 pmol/l) and the functional sensitivity (coefficient of variation (CV) <15%) was 1.6 pg/ml (0.47 pmol/l). Undetectable CT (<0.09 pmol/l) was assigned the value of 0.03 pmol/l for the purpose of calculations. The within-assay CV was 3.3% and the between-assay CV 9.5% at the 9 pg/ml (2.63 pmol/l) level. This assay was found to be equivalent to another commercial two-site IRMA for hCT (CIS, Gif-sur-Yvette, France) (21) previously also used in our laboratory.
Anti-thyroid peroxidase (anti-TPO) and antithyroglobulin (anti-Tg) thyroid autoantibodies (TAs) were measured in serum using RIAs (BRAMS-Henning diagnostica, Berlin, Germany). The serum of 95% of healthy normal persons reacts in both these RIAs to a level of less than 100 U/ml, and values above this cutoff point are considered to be TA-Pos. However, only patients with TA values five times or more above the cutoff point (>500 U/ml) in at least one of the two assays were characterized as TA-Pos, and patients with TA values less than 100 U/ml in both assays were characterized as TA-Neg, and they were included in the study. Patients with TA values of 100-500 U/ml were excluded from the study.
TSH was measured by a third-generation chemiluminescence two-site immunoassay (Nichols Institute Diagnostics) with a sensitivity of 0.01 mU/l, a functional sensitivity of 0.04 mU/l, within-assay CVs of 4.3 and 4.1%, between-assay CVs of 9.1 and 8.7% at the 0.5 and 1.2 mU/l levels respectively, and euthyroid range 0.4-3.6 mU/l.
Statistical analysis
The distribution of CT values was skewed to the right and therefore, for each group, the geometric mean, 95% confidence interval, range and median are given; the CT levels between two groups were compared using the Mann-Whitney test. In order to evaluate whether high CT values (basal or Ca-stimulated DCT) are associated with positive TA an independence test was performed as follows. The two criteria (TA-Pos or TA-Neg) were divided into several arbitrary classes of sequentially ascending CT values, and a frequency distribution of the patients was carried out among the classes. The x 2 test was used for the assessment of independence. The Spearman rank correlation test was used for comparisons between CT and TA or TSH values. The normally distributed serum Ca levels were compared by the t-test.
Results
Of the 174 euthyroid TA-Neg patients, 112 (64.4%) had undetectable CT, and, of the 124 TA-Pos patients, 77
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Calcitonin in thyroiditis 531 The responses of CT to the Ca-stimulation test are shown in Table 5 (Table 3 ). The frequency distributions of the patients in the two groups among the classes were evaluated by an independence test, which showed that CT levels are independent of hypothyroidism (x 2 ¼ 2.14, P ¼ 0.71). CT and TSH values in the hypothyroid group did not correlate in any way.
Basal CT levels in the TA-Neg, TA-Pos and hypothyroid groups were statistically no different from those of the normal control group (Table 2) .
Discussion
Two types of CCH of the thyroid have been recognized recently (12, 22) . The first neoplastic type, usually of genetic origin, is considered to be a precursor of MTC, often as a part of the syndrome of multiple endocrine neoplasia type 2 (MEN 2). The second benign type of CCH is thought to be physiological or reactive and has been found in patients with hyperparathyroidism, in the thyroid tissue surrounding follicular carcinomas and in the thyroid glands of elderly people (2-7). Some authors have observed that CCH is frequently associated with CLT (8) (9) (10) (11) (12) , while others failed to find this association (13) (14) (15) (16) . The method used to define CCH in these studies was counting of immunostained C cells in thyroid gland sections and finding more than 50 per low-power magnification microscopic field. In a small proportion of patients (7-20%) harboring both CLT and CCH (10) (11) (12) and in some sporadic cases (9), high serum CT was found.
In our present prospective study, serum CT was determined by a sensitive and specific assay in euthyroid patients, the majority of whom had diffuse goitre. The patients were divided into two carefully age-matched groups, the first with negative TA and the second with relatively high concentrations of TA diagnostic of CLT. The quantitative RIAs employed here for the measurement of TA are considered to be sensitive and specific and therefore it can be assumed that, in most cases, our TA-Neg patients did not have CLT and the TA-Pos patients did indeed have CLT. The emphasis was given to euthyroidism of the patients because hypothyroidism may theoretically be associated with some non-specific destruction of a proportion of C cells. We found that circulating CT levels were similar between euthyroid goitrous patients with or without CLT (positive TA) and no different from those of normal controls. These data do not support the theory that CCH occurs with increased frequency in thyroid glands affected by CLT (8) (9) (10) (11) (12) .
Most patients with the neoplastic form of CCH (MEN 2 syndrome) and during the earliest subclinical stages of MTC have normal basal serum CT, which, however, invariably rises to abnormally high levels after provocative testing with Ca or pentagastrin (23) . Our finding of similar CT responses after Ca stimulation in both groups indicates that it is unlikely that a mild degree of CCH is present in CLT, because it would be uncovered by this test. The significant positive correlation that we found between basal fasting CT and Ca-stimulated CT demonstrates that a random fasting basal CT level can predict an individual CT reserve and response to provocative testing, and indicates the diagnostic value of basal CT.
The reported patient with symptomatic CCH and high serum CT (9) , and a second similar patient (8) The TA-Pos group includes patients with TA concentration to >500 U/ml for at least one of the two TAs.
Neg. values are <100 U/ml. (19, 24) discussed the possibility of a cause (thyroiditis) and effect (CCH and MTC) relationship. However, it could be argued that rather the reverse relationship may be valid: incidental MTC and CCH (cause) and effect (reactive thyroiditis). In the cases of incidental MTC, because of the accompanying malignant CCH, the lymphocytic infiltration of the thyroid might be diffuse and not merely focal as in the cases of follicular tumours (6) . This possible new relationship can be indirectly supported by our finding of the lack of association between CLT and CCH in a sufficiently large population of goitrous patients.
Iodine deficiency can induce CCH and hypercalcitoninemia in rats probably via TSH overstimulation (25, 26) . Thyrotropin receptors have recently been identified in MTC cells (27) . In the present study, basal serum CT levels of the patients with primary hypothyroidism and high TSH were no different from those of the euthyroid patients and normal controls. Moreover there was no correlation between CT and TSH levels. This finding indicates that high TSH probably is not a cause of high serum CT. However, this conclusion should be treated with caution since Ca 2+ -stimulation tests were not performed on our hypothyroid patients and thus the CT secretion reserve is not known. Possible non-specific destruction of C cells in hypothyroid glands may obscure a possible stimulatory effect of TSH on C cells. It is noteworthy that endogenous TSH released during TSH-releasing hormone testing in normal subjects and patients with MTC did not induce the secretion of CT (28) .
The routine measurement of serum CT in all patients with thyroid nodules as a screening procedure for the early detection of MTC has been recently proposed (17) (18) (19) . The difficulties in interpreting slightly elevated CT levels in view of the several benign conditions known to be associated with high CT levels have been discussed in a recent editorial (20) . Our findings suggest that, if an elevated serum CT (determined by a specific two-site immunoassay) is found in a patient with thyroid nodule and positive TA, it should not be ascribed to the underlying CLT. This patient should be further investigated for some reason other than CLT for the high serum CT.
